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1LFNHO EDVHG VXSHUDOOR\V H[KLELW KLJK FKHPLFDO DQG
PHFKDQLFDOSURSHUWLHVHYHQDWHOHYDWHG WHPSHUDWXUHVDQGIRU
WKLVUHDVRQWKH\DUHXVHGIRUMHWHQJLQHVDQGJDVWXUELQHVDVZHOO
DV IRU UHFLSURFDWLQJ HQJLQHV SDUWV URFNHW HQJLQHV DQG LQ
QXFOHDUFKHPLFDODQGSHWURFKHPLFDOLQGXVWULHV>@+RZHYHU
WKHVDPHFKDUDFWHULVWLFVWKDWPDNHWKHVHPDWHULDOVVXLWDEOHIRU
DSSOLFDWLRQV LQ H[WUHPH FRQGLWLRQV DUH DQ LVVXH ZKHQ WKH
PDWHULDOLVVKDSHGRUPDFKLQHG0DFKLQDELOLW\RIDJHKDUGHQHG
,1&21(/ VXFK DV  KDV EHHQ LQYHVWLJDWHG E\ VHYHUDO
UHVHDUFKHUV>@DQGUHVXOWVGHPRQVWUDWHWKDWWKLVDOOR\FDQEH
PDFKLQHG ZLWK KDUG WRROV VHWWLQJ VORZ FXWWLQJ FRQGLWLRQV WR
SUHYHQW WRRO ZHDU DQG PDFKLQHG VXUIDFH GDPDJH >@





WKH:LUH(OHFWULFDO'LVFKDUJH0DFKLQLQJ :('0 WKDW LV D
WKHUPDOSURFHVVFDSDEOHRIPDFKLQLQJFRQGXFWLYHGLIILFXOWWR
FXWPDWHULDOV,WLVDYHUVDWLOHDQGXVHIXOWHFKQRORJLFDOSURFHVV
IRU IDEULFDWLQJ LQWULFDWH DQG FRPSOH[ VKDSHV 1RZDGD\V
:('0 SDUDPHWHUV RSWLPL]DWLRQ DV IXQFWLRQ RI VXUIDFH DQG
VXEVXUIDFH TXDOLW\ RI WKH PDFKLQHG PDWHULDO LV VWLOO DQ RSHQ
LVVXH
6HYHUDO DXWKRUV KDYH EHHQ VWXG\LQJ WKH VXUIDFH GDPDJH
FDXVHG E\ WKH HURVLRQ LQ :('0 DQDO\]LQJ WKH HIIHFW RI
PDWHULDO WKHUPDO SURSHUWLHV DQG DSSOLHG FXWWLQJ SDUDPHWHUV
VXFK DV RQWLPH SXOVHV GLVFKDUJH YROWDJH GLHOHFWULF IOXLG
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DQG GLHOHFWULF IORZ UDWH DUH OHVV VLJQLILFDQW >@ 2WKHU
UHVHDUFKHUVSHUIRUPHGVWXGLHVRQWKHLQIOXHQFHRIWKHGLHOHFWULF





DUH PDQ\ YDULDEOHV WKDW LQWHUDFW ZLWK HDFK RWKHU LQ D YHU\
FRPSOH[ ZD\ 6R IDU LQ WKH OLWHUDWXUH UHDVHUFK SDSHUV DERXW
:('0KDYHFRQVLGHUHGWKHLQIOXHQFHRIHDFKVLQJOHSDUDPHWHU
EXW WKH FRPELQHG HIIHFW RI VHYHUDO YDULDEOHV KDV EHHQ
GLVUHJDUGHG
,QRUGHUWRKDYHDFRPSUHKHQVLYHYLHZDUHIHUHQFHYDULDEOH
WKDW LQFOXGHV WKH LQWHUUHODWLRQVKLSV DPRQJ UHJXODWLQJ
SDUDPHWHUV VKRXOG EH REVHUYHG IRU DVVHVVLQJ WKH TXDOLW\ RI
PDFKLQHG VXUIDFHV 7R WKLV DLP LQ WKLV LQYHVWLJDWLRQ WKH
QRPLQDOGLVFKDUJHHQHUJ\SHUXQLWOHQJWKLVFKRVHQDVUHIHUHQFH




)LJ  VKRZV WKH VFKHPDWLF LOOXVWUDWLRQ RI WKH :('0
SURFHVVVHWXSXVHGLQWKLVZRUN7KHPDFKLQHGPDWHULDOLVD
PP GLDPHWHU URG RI ,1&21(/ SURGXFHG E\ KRW
























9 ZKHUHDV GLVFKDUJH FXUUHQW DQG SXOVH GXUDWLRQ DUH VHW
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0LFURVFRSH 6(0 ,QRUGHU WRGHWHUPLQHSRVVLEOHHIIHFWVRI
WKHPDFKLQLQJRSHUDWLRQRQWKHVXEVXUIDFHSURSHUWLHVWKHFXW
VSHFLPHQV ZHUH VHFWLRQHG D[LDOO\ DORQJ WKH QRUPDO WR WKH
PDFKLQHG VXUIDFH DV LOOXVWUDWHG LQ )LJ  7R WKLV HQG WKH
PDFKLQHG VXUIDFH ZDV FRDWHG ZLWK %DNHOLWH WR SUHVHUYH LWV
LQWHJULW\ GXULQJ WKH IROORZLQJ VDPSOH PHWDOORJUDSKLF
SUHSDUDWLRQ 7KH SLHFH ZDV VHFWLRQHG DQG SROLVKHG ZLWK
GLDPRQG SDVWH XS WR  P DQG FKHPLFDOO\ HWFKHG XVLQJ D
VROXWLRQ FRQVLVWLQJ RI PO RI JODFLDO DFHWLF DFLG PO RI
QLWULF DFLG DQG  PO RI K\GURFKORULF DFLG 7KH SRO\PHULF
SURWHFWLYH FRDWLQJ ZDV UHPRYHG VRRQ DIWHU HWFKLQJ DQG WKH
VSHFLPHQ ZDV REVHUYHG DW 6(0('6 3KLOLSV ;/ ZLWK
,1&$ ;VLJKW 6HULHV 6L/L ('6 'HWHFWRU XVLQJ ERWK
VHFRQGDU\ DQG EDFN VFDWWHUHG HOHFWURQV 0RUHRYHU LQ GHSWK
PLFURKDUGQHVVPHDVXUHPHQWVZHUHSHUIRUPHGE\PHDQVRID
5HPHW+;9LFNHUVPLFURLQGHQWHURQ WKHVHFWLRQRI WKH
VSHFLPHQPDFKLQHG LQ WKH7HVW  FRQGLWLRQ RI 7DEOH  7R
KDYH LQIRUPDWLRQ DERXW GLVSHUVLRQ RI UHVXOWV HDFK
PHDVXUHPHQWZDVUHSHDWHGVL[WLPHV
)URP WKH SHUVSHFWLYH RI PDFKLQLQJ HQHUJ\ HDFK SXOVH
GXULQJ WKH GLVFKDUJH SURFHVV LV DQ RXWSXW RI HQHUJ\2Q WKH
RWKHUKDQGWKHVSDUNVDUHUDQGRPO\DFWLYDWHGGXULQJGLVFKDUJH







WKHGLHOHFWULFFRQGXFWDQFH WKHGLHOHFWULF IORZ WKHJDSYDOXH
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LQFUHDVHVZLWKLQFUHDVLQJWKHGLVFKDUJHHQHUJ\SHUOHQJWKZLWK
WKHH[FHSWLRQRI7HVWVDQGZKHUHURXJKQHVVYDOXHVDUH
FRPSDUDEOH 7KH UHVXOWV FDQ EH MXVWLILHG E\ FRQVLGHULQJ WKH
SURFHVVHVWDNLQJSODFHGXULQJWKHHOHFWULFDOGLVFKDUJH
$VDPDWWHURIIDFWWKHQRPLQDOHQHUJ\SHUOHQJWKE LVWKH
VXP RI WKUHH IDFWRUV 7KHVH DUH WKH HQHUJ\ WKDW LV XVHG WR
UHPRYH PDWHULDO IURP WKH ZRUNSLHFH WKH HQHUJ\ WKDW LV
WUDQVPLWWHGWRWKHZLUHHOHFWURGHDQGWKHRQHWKDWLVWUDQVIHUUHG
WRWKHPDFKLQLQJIOXLG,QWKHVLPSOLI\LQJK\SRWKHVLVWKDWWKH
SDUWLWLRQLQJ RI WKH HQHUJ\ DPRQJ WKH WKUHH IDFWRUV UHPDLQV
DOPRVW FRQVWDQW DV WKH HQHUJ\ LQSXW FKDQJHVEYDOXH UHVXOWV
SURSRUWLRQDOWRWKHDPRXQWRIPDWHULDOWKDWLVUHPRYHGIURPWKH
ZRUNSLHFH7KXVWKHPHDVXUHGLQFUHDVHRIVXUIDFHURXJKQHVV
FRXOG EH H[SODLQHG E\ D KLJKHU HQHUJ\ WUDQVPLWWHG WR WKH
PDWHULDOGXULQJFXWWLQJ$KLJKHUDPRXQWRIHQHUJ\LQFUHDVHV
WKHHYDSRUDWLRQDQGUHFDVWLQJWKXVDOWHULQJWKHPDWHULDOVXUIDFH
PRUSKRORJ\ WR D ODUJHU H[WHQW7KH VLPLODU URXJKQHVVYDOXHV
REWDLQHGLQWKH7HVWVDQGFRXOGEHWKHHIIHFWRIDGLIIHUHQW







7HVWV  DQG  DUH VKRZQ LQ )LJ  ,Q ERWK FDVHV WKH UH




,Q)LJ  URXJK DQG ILQLVKHG VXUIDFHV DUH FRPSDUHG2Q WKH
UHFDVWVXUIDFHVRPHFUDFNVDUHYLVLEOHDVPDUNHGLQ)LJDEXW
WKH\DUHSRVLWLRQHGSDUDOOHOWRWKHVXUIDFH
3.2. Subsurface properties 
)LJVKRZVWKHFRPSDULVRQEHWZHHQWKHPLFURVWUXFWXUHRI
WKH VWDUWLQJ PDWHULDO DQG WKH RQH RI WKH PDFKLQHG VDPSOH
REWDLQHGE\SROLVKLQJWKHVXUIDFHDQGHWFKLQJDFFRUGLQJWRWKH





,W LV LPSRUWDQW WR QRWLFH WKDW WKHUH LV QR HYLGHQFH RI WKH
W\SLFDO ZKLWH OD\HU IRUPDWLRQ LQGLFDWLQJ WKDW PRVW RI WKH
VHFRQGDU\DQGXQZDQWHGUHDFWLRQVDUHPLQLPL]HGE\WKHFKRVHQ
RSHUDWLQJ SDUDPHWHUV VHW$V DPDWWHU RI IDFW LQ WKH DSSOLHG
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DIWHU PDFKLQLQJ LQGLFDWLQJ WKDW WKH IRUPDWLRQ RI WKHUPDO
JHPLQDWHV LV UHGXFHG WR WKHPLQLPXP%6( %DFN6FDWWHUHG
(OHFWURQV PLFURJUDSK DQG (QHUJ\GLVSHUVLYH ;UD\












ORFDOL]HG VFDOH IRUPDWLRQ DFFRUGLQJ WR WKH PHFKDQLVP RI
R[LGDWLRQZKLFKLQYROYHVWKHGLIIXVLRQRI&UWKURXJKWKHDOOR\
WR WKH VFDOHDOOR\ RU WKH VFDOHHQYLURQPHQW LQWHUIDFH DQG LWV
VXEVHTXHQWR[LGDWLRQ>@
,Q)LJWKHPLFURKDUGQHVVPDSLVVKRZQ1RVLJQLILFDQW
YDULDWLRQ RI WKH PLFURKDUGQHVV RI WKH PDFKLQHG VDPSOH LV
GHWHFWHGZLWKUHVSHFWWRWKHEDVHPDWHULDO+9XSWR
PIURP WKHPDFKLQHGVXUIDFH$VOLJKWGHFUHDVHRI WKH
PLFURKDUGQHVV LQ WKH ILUVW P LVREVHUYHG WKDW FRXOGEH
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HQVXUHKLJKSUHFLVLRQPDFKLQLQJ$FRPSUHKHQVLYHUHIHUHQFH
SDUDPHWHUQDPHO\QRPLQDOHQHUJ\SHUOHQJWKEZDVGHILQHG
DV DQ LQGLFDWLRQ RI WKH DPRXQW RI HQHUJ\ WUDQVIHUUHG WR WKH
ZRUNSLHFHSHUOHQJWKRIFXW
([SHULPHQWDOUHVXOWVVKRZHGWKDWWKHVXUIDFHURXJKQHVVRI
WKH PDFKLQHG VDPSOHV ZRUVHQV DV WKH EYDOXH LQFUHDVHV $
SRVVLEOHH[SODQDWLRQ LV WKDW WKH LQFUHDVHRIHQHUJ\SHU OHQJWK
FDXVHV PRUH PDWHULDO WR HYDSRUDWH DQG UHFDVW IURP WKH
ZRUNSLHFHWKXVSURJUHVVLYHO\DOWHULQJLWVVXUIDFHPRUSKRORJ\
$QDORJRXVO\WKHUHFDVWOD\HUPRUSKRORJ\LVDIIHFWHGE\WKHE









PDFKLQHG VDPSOH ,Q WKH UDQJH RI WKH VWXGLHG SURFHVV
SDUDPHWHUV LW FRXOG EH VWDWHG WKDW WKH QRPLQDO HQHUJ\ SHU
OHQJWKVKRXOGEHFRQVLGHUHGDVDVXLWDEOHSDUDPHWHUWRSURSHUO\




 XVLQJ XOWUDVRQLF DQG KLJK WHPSHUDWXUHDLGHG FXWWLQJ - 0DWHU
3URFHVV7HFKQRO
>@ .DOSDNMLDQ 6 6FKPLG 65 0DQXIDFWXULQJ SURFHVVHV IRU HQJLQHHULQJ
PDWHULDOVWKHG8SSHU6DGGOH5LYHU1-3HDUVRQ(GXFDWLRQ







>@ 7KDNXU '* 5DPDPRRUWK\ % 9LMD\DUDJKDYDQ / $ 6WXG\ RQ WKH
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